Conditioned place preference (CPP) paradigms, traditionally adopted to study the 13 reinforcing properties of drugs of abuse, have been developed to investigate the neurobiological 14 mechanisms underlying the reinforcing properties of social stimuli. These protocols are largely 15 based on single-housing before and/or during the social stimulus-contextual cues acquisition 16 phase. Here, based on previously established social interaction-induced CPP paradigms, we 17 characterize a place preference task relying on the reinforcing properties of free interaction 18 with a non-familiar (novel) conspecific. The formation of contextual associations induced by 19 the interaction with a novel social stimulus does not require single-housing, necessitates 20 dopamine (DA) receptor 2/3 (D2/3R) activation and undergoes extinction. Interestingly, while 21 extinction of CPP responses is reduced by single-housing, it is accelerated by the 22 downregulation of the autism spectrum disorder (ASD)-related protein SHANK3 in the ventral 23 tegmental area (VTA). Thus, inspired by the literature on drug of abuse-induced contextual 24 learning, we propose that acquisition and extinction of CPP might be used as behavioral assays 25 to assess social-induced contextual association and "social-seeking" dysfunctions in animal 26 models of psychiatric disorders. 27 the corridor to be closed (Figure 1) . 130
1
Introduction 28
Over the years, several experimental paradigms have been developed to define the 29 different aspects of social behaviour (Sandi and Haller, 2015) , such as sociability (Nadler et 30 al., 2004) , preference for social novelty (Nadler et al., 2004) , social memory and novelty 31 recognition (Kogan et al., 2000; Ferguson et al., 2000) . During dyadic encounters, social 32 interactions might acquire positive valence and promote approach behavior (Kogan et al., 2000; 33 Ferguson et al., 2000) or negative valence and drive avoidance behavior (Golden et al., 2011) . 34
Moreover, rodents can learn to associate certain environmental cues (conditioned stimuli, CS) 35 with the availability of positive social interaction (unconditioned stimuli, US) resulting in 36 conditioned place preference (CPP) responses. CPP tasks, classically used to study the 37 reinforcing properties of drugs of abuse (Tzschentke, 2007) , have been adopted to test the 38 ability of conspecific interaction to promote contextual associative learning. In fact, different 39 animal species, such as rats (Thiel et several regions within the reward system (Rawas et al., 2012) , it is controlled by oxytocin 71 within the VTA and NAc (Hung et al., 2017; Dölen et al., 2013) and is impaired by the DA re-72 uptake inhibitor, methylphenidate (Trezza et al., 2009) . 73
Associative learning is subject to extinction, a behavioral phenomenon caused by the 74 repeated presentations of contextual cues in the absence of the reinforcer and characterized by This is a provisional file, not the final typeset article a timely reduction of the conditioned responses. The extinction of conditioned responses could 76 depend on the formation of a new memory, by which contextual cues previously associated 77 with a reinforcer become associated with its absence (for a comprehensive view on extinction 78 theories see Dunsmoor et al., 2015; Bouton, 2004; Quirk and Mueller, 2008 In this study, we propose and characterize a behavioural paradigm of social-induced CPP 104 to assess the reinforcing properties of direct social interaction with a non-familiar (novel) 105 conspecific (non-familiar conspecific-induced CPP). We demonstrate that non-familiar 106 conspecific promotes place preference in both single-housed and group-housed C57Bl6/j late adolescence male mice and its acquisition depends on D2/D3R activation. Furthermore, as this 108 form of CPP is expressed even when group-housed mice are conditioned with non-familiar vs 109 familiar conspecifics, we conclude that the direct interaction with a non-familiar conspecific is 110 per se reinforcing. In addition, while preference can be lost, the retention of the conditioned 111 behavioural responses are heightened by single-housing. Lastly, downregulation of Shank3 112 expression in the VTA accelerates extinction without inducing major abnormalities in the 113 acquisition of non-familiar conspecific-induced CPP. 114
2
Materials and methods 115
Animals 116
The experimental procedures described here were conducted in accordance with the 117 Swiss laws and previously approved by the Geneva Cantonal Veterinary Authority. Male 118 C57Bl/6j mice were purchased from Charles River Laboratories and housed in the institutional 119 animal facility under standard 12h/12h light/dark cycles with food and water ad libitum. 120
Experimental animals were group-housed (2-3 per cage), or single-housed only for the single-121
housing experimental condition, and tested during late adolescence, at the 8th or 9th week of 122 life. Younger non-familiar mice (3-4 weeks) were single-housed and used as stimuli animals 123 during the conditioning sessions of the CPP protocol. 124
Conditioned place preference induced by non-familiar conspecific interaction 125
The apparatus used (Bioseb, Model BIOSEB, In Vivo Research Instruments, spatial 126 place preference box for mice LE895) for the CPP protocol has two square-shaped chambers 127 with different patterns on the walls and different textured floors. The two chambers are 128 interconnected by a small corridor, with transparent walls and floor, and removable doors allow 129 This is a provisional file, not the final typeset article such that, if for example on day 1 the experimental subject was exposed to the paired session 147 first, on day 2 the conditioning started with the non-social session. After the end of each 5-148 minute trial, the animals were gently guided by the experimenter through the corridor and 149 towards the other chamber ( Figure 1C) , so the animals were exposed to the spatial orientation 150 of both chambers and apparatus. 151 conditioning time per day (e.g. non-familiar mouse session 1, familiar mouse session 1, non-165 familiar mouse session 2, familiar mouse session 2, non-familiar mouse session 3, familiar 166 mouse session 3) ( Figure 1D) . Each day the starting session was counterbalanced across mice 167 and alternated for each mouse. After the end of each 5-minute trial, the animals were gently 168 guided by the experimenter through the corridor and towards the other chamber ( Figure 1D) .
We should note that, in this paradigm, although the stimulus mouse represented a 170 stranger stimulus at the first conditioning session, the non-familiarity aspect was maintained 171 since animals returned to their respective home-cages and kept separated for 24 hours. Thus, 172 in this case, the US exposure represented a valued condition. In contrast, when the experimental 173 subject had access to the familiar stimulus both in the home-cage and in the conditioned side 174 of the apparatus, the familiar stimulus mouse exposure represented a devalued condition. 175
Day 5-Post-TEST: twenty-four hours after the last conditioning session, experimental mice 176 were placed in the corridor of the CPP apparatus and, after lifting the removable doors, the 177 animals could freely explore the arena once again for 15 minutes and establish a preference 178 ( Figure 1B) in the absence of the US. 179
Extinction: starting forty-eight hours after the post-TEST session, experimental mice were 180 exposed for several days (5-6 days) to the empty apparatus. In particular, mice were placed in 181 the corridor of the CPP apparatus and, after lifting the removable doors, explored the arena for 182 15-minute-long sessions in the absence of the US. After each extinction session, the arena was 183 cleaned thoroughly with 1% acetic acid and allowed to dry before continuing with the next 184 animal. 185
The behavior of the animals was tracked automatically with the Ethovision XT software 186 (Noldus, Wageningen, the Netherlands) or AnyMAZE and the time spent in the two chambers 187 was recorded for the pre-and post-TEST sessions. Subsequently, the preference index was 188 calculated as: time spent in the non-familiar conspecific-paired chamber divided by the time 189 spent in the non-social chamber. Moreover, we calculated the learning index by dividing the 190 preference index calculated at post-TEST by the preference index calculated at pre-TEST. 191
Drugs 192
Raclopride (Tocris Bioscience, Tocris House, Bristol, UK), a dopamine D2R/D3R-like 193 receptor antagonist (Köhler et al., 1985) , was dissolved in 0.9% saline (vehicle) at conditioning 194 day 1 and stored at -20°C. Raclopride was injected intraperitoneally (i.p.) 20 minutes before 195 the conditioning in a volume of 160 l at a dose of 1.2 mg/kg. Doses and pretreatment interval 196 3
Results 230
Non-familiar conspecific-induced CPP assesses the reinforcing properties of social 231
interaction 232
To study the reinforcing properties of social interaction, we modified previously 233 published social-induced CPP protocols to obtain CPP mediated by interaction with a non-234 familiar conspecific in late adolescence male mice. The paradigm started with a pre-TEST 235 phase, during which mice explored for 15 minutes an empty apparatus consisting of two 236 chambers characterized by different contextual cues (Figure 1A ; see Material and Methods for 237 further details). We then performed 4 days of conditioning, during which mice learnt to 238 associate one compartment of the apparatus with the presence of a non-familiar (novel) social 239 stimulus while the other compartment was left empty (non-social). During each conditioning 240 day, we rapidly alternated for 3 times the exposure to the two chambers ( Figure 1C) . Twenty-241 four hours after the last conditioning session, we measured the acquisition of a place preference 242 for one of the two chambers by quantifying the time spent exploring each compartment of the 243 empty apparatus (Figure 1B) . In addition, to compare the reinforcing properties of non-familiar 244 vs familiar conspecific, during the conditioning phase, experimental animals encountered in 245 one chamber a non-familiar mouse, while in the other they were exposed to their familiar cage-246 mate ( Figure 1D) . 247
The acquisition of non-familiar conspecific-induced CPP does not require single-248
housing 249
To determine whether housing conditions affected non-familiar conspecific-induced 250 CPP acquisition, wildtype late adolescent mice underwent conditioning (Figure 2A ). By 251 measuring the time spent in the non-familiar conspecific-paired chamber and the non-social 252 chamber, we calculated a preference index (time spent in non-familiar conspecific-associated 253 chamber/time spent in the non-social chamber) at the pre-and the post-TEST. We found that 254 single-housed mice increased their preference index at the post-TEST compared to the pre-255 TEST (Figure 2B-D) , indicating that they developed a preference for the non-familiar 256 conspecific-associated chamber during conditioning. Additionally, at the post-TEST, single-257 housed mice spent a significantly longer time in the non-familiar conspecific-paired chamber 258 compared to the non-social one (Figure 2E ). This indicates that experimental animals were 259 discriminating between contextual cues and expressing a preference for the ones associated 260 with the interaction with a novel conspecific. This is a provisional file, not the final typeset article Subsequently, we subjected group-housed mice to the same conditioning paradigm 262 used for single-housed animals. Surprisingly, we found that group-housed mice increased their 263 preference for non-familiar conspecific-associated chamber (Figure 2F -H) and discriminated 264 between non-familiar conspecific-associated vs non-social chamber at the post-TEST ( Figure  265 2I). Thus, the non-familiar conspecific-induced CPP paradigm, which relies on the direct and 266 free exploration of a younger and non-familiar conspecific stimulus, allows us to study the 267 reinforcing properties of social interaction without the need to single-house the experimental 268
animals. 269
To prove the necessity of a contingency between contextual cues and social exposure 270 for the acquisition of non-familiar conspecific-induced CPP, group-housed mice were exposed 271 to the same number of social stimuli presentations, but in alternating chambers (contingency 272 break) during the conditioning phase. In this case, we assigned the non-familiar conspecific-273 paired chamber as the first chamber in which they were exposed to the non-familiar social 274 stimulus. Under these circumstances, the experimental animals did not increase their preference 275 index (Figure 2J -L) and did not show any preference for one of the two chambers at the post-276 TEST (Figure 2M) . Finally, to quantify the increase in place preference between pre-and post-277 TEST and to allow between-group comparisons, we calculated a learning index (preference 278 index at the post-TEST/preference index at the pre-TEST). Confirming the validity of the non-279 familiar conspecific-induced CPP protocol, group-housed mice conditioned with pairing 280 protocol displayed a significantly higher learning index compared to animals subjected to the 281 contingency break protocol ( Figure 2N) . 282
Non-familiar conspecific interaction is per se reinforcing 283
To understand whether the novelty component associated to non-familiar social stimuli 284 is necessary to promote contextual learning, we assessed whether group-housed mice would 285 develop any preference for either a familiar or a non-familiar mouse-paired context. By 286 subjecting the animals to conditioning sessions in which they interacted with a non-familiar 287 and a familiar stimulus in different chambers (Figure 1D, 3A) , we observed an increase in the 288 preference for the non-familiar conspecific-associated one (Figure 3B-D) . Additionally, at the 289 post-TEST, mice spent more time in the non-familiar conspecific-paired compartment 290 compared to the one paired with a familiar mouse ( Figure 3E) . Finally, by comparing the 291 learning index obtained from pairing protocols with either non-social session or familiar 292 session, we found no differences in place preference acquisition (Figure 3F) . Altogether, these results indicate that the social interaction with a non-familiar conspecific is per se reinforcing 294 and that CPP is neither driven by social familiarity or non-social pairing. 295
D2/D3R function is essential for the acquisition of non-familiar conspecific-296
induced CPP 297
Considering the involvement of D2R in controlling both reward-induced place 298 preference acquisition and the expression of appropriate social behavior, we aimed to 299 determine its role in the formation of contextual associations induced by non-familiar 300 conspecific interaction. Group-housed male mice underwent non-familiar conspecific-induced 301 CPP as previously described with the exception that, in this case, they were divided into two 302 groups: after the pre-TEST, one group received i.p. injections of the D2/D3R antagonist 303 raclopride (1.2 mg/kg) while the other received vehicle (saline) treatment, 20 minutes before 304 each conditioning session ( Figure 4A) . By replicating our previous results in a new cohort of 305 mice, we found that vehicle-treated animals increased their preference index (Figure 4B-D) . 306
Additionally, at post-TEST they explored for longer the non-familiar conspecific-paired 307 chamber compared to the non-social one (Figure 4E) . However, the raclopride-treated mice 308 failed to increase their preference index for non-familiar social stimulus associated chamber 309 ( Figure 4F-H) , and at post-TEST, had no preference for the non-familiar conspecific-paired 310 chamber or the non-social one (Figure 4I) . Finally, learning index was significantly reduced 311 by raclopride compared to vehicle treatment (Figure 4J) . Altogether, these results demonstrate 312 that D2/D3R activation is necessary for the acquisition of non-familiar conspecific-induced 313 CPP. 314 subsequently sacrificed for histological validation (Figure 6B) . We found that VTA-scrShank3 341 mice expressed a preference for non-familiar conspecific-paired chamber (Figure 6C-E) and 342 displayed higher exploration time for non-familiar conspecific-associated chamber at post-343 TEST (Figure 6F) . After 48 hours, VTA-scrShank3 mice underwent extinction protocol and, 344 by the extinction session 5, they no longer displayed preference for the non-familiar 345 conspecific-paired chamber (Figure 6F) . When VTA-shShank3 mice were conditioned, they 346 showed a trend towards a higher preference index between pre-and post-TEST (Figure 6G-I) , 347 and a significant preference for the non-familiar conspecific-associated chamber vs the non-348 social chamber at the post-TEST (Figure 6J) . Since the learning index of VTA-shShank3 mice 349 was comparable to the one measured from VTA-scrShank3, we concluded that Shank3 350 downregulation in the VTA was not inducing major abnormalities in the acquisition of non-351 familiar conspecific-induced CPP (Figure 6K) . However, when VTA-shShank3 mice 352 underwent extinction, we noticed that their preference for the non-familiar conspecific-paired 353 chamber was not stable over time and already not significant by the fourth extinction session 354 ( Figure 6J) . To directly compare the extinction of non-familiar conspecific-induced place 355 preference between VTA-scrShank3 and VTA-shShank3 mice, we compared the preference 356 index across pre-TEST, post-TEST and extinction sessions (Figure 6L) . We found that VTA-shShank3, compared to VTA-scrShank3, had a significantly lower preference index at early 358 extinction sessions indicating an accelerated extinction (Figure 6L) . 359 This is a provisional file, not the final typeset article 2016b), pointing to a deficit in social motivation and reward processing. Here, we tested 425 whether these deficits might be accompanied by impairments in the formation of association 426 between contextual cues and social interaction with a non-familiar conspecific. We found that, 427 although VTA-shShank3 mice discriminated between non-familiar conspecific-paired and 428 non-social compartment at the post-TEST, they showed only a statistical trend towards an 429 increase in their preference for the non-familiar conspecific-paired compartment before and 430 after conditioning. These results might indicate subtle deficits in acquisition of non-familiar 431 conspecific-induced contextual association. However, when VTA-shShank3 mice were 432 repeatedly exposed to contextual cues in the absence of the social stimulus animal, their 433 preference for non-familiar conspecific-paired chamber became erratic and revealed an 434 accelerated rate of extinction. This effect could be due to a reduced strength of the association 435 as a consequence of Shank3 downregulation in the VTA. According to the hypothesis that 436 extinction is learning of a new association, it is also plausible that in VTA-shShank3 mice the 437 new association might easily overpower the weak primary association, thus resulting in an 438 accelerated disappearance of the conditioned responses. To our knowledge this is the first time 439 that an extinction deficit is reported in an ASD-related genetic dysfunction restricted to the 440 VTA, but further investigation is warranted to understand the behavioral and neurobiological 441 mechanisms underlying aberrant learning and extinction of those associations. 442
Extinction of non-familiar conspecific-induced CPP is affected by housing

Considerations on non-familiar conspecific-induced CPP. 443
We tested the formation of contextual associations induced by social interaction with a non-444 familiar conspecific in late adolescent male (8/9 weeks old) mice using early adolescence males 445 (3-4 weeks old) as social stimuli to minimize antagonistic behavior. However, considering that 446 offensive behavior is a trait expressed by C57Bl/6 male mice (Crawley et al., 1997) Contingency break protocol for group-housed mice 
